Combined pancreas-kidney transplantation has been introduced in the treatment of patients with type I diabetes and renal failure 20 years ago. By 1985 374 combined pancreas-kidney transplantations had been reported to the International Pancreas Transplant Registries.' Surgical drainage of the transplanted exocrine pancreas into the urinary bladder solves most of the postoperative problems encountered with the exocrine secretions. Furthermore, monitoring of pancreatic enzyme (amylase) activity in urine has been shown to be useful in diagnosis of rejection of the pancreatic graft.! However, little attention has been paid to the biochemical consequences of high activities of proteolytic pancreatic enzymes on the determination of urinary proteins. The present case illustrates the difficulties in interpreting proteinuria in patients with combined pancreas-renal transplant with pancreaticocystostomia. In the propositus, interpretation of the urinary protein electrophoresis is hampered by the presence of pancreatic juice proteins and peptides originating from digestion of proteins by activated pancreatic enzymes. Results of
immunochemically determined marker proteins ([micro]albumin, transferrin, fJ2microglobulin) are unreliable due to digestion by pancreatic enzymes.
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CASE HISTORY
A 45-year-old woman was diagnosed as a type I diabetic at the age of 15, and underwent a combined renal and pancreatic transplantation at the age of 35 for advanced diabetic nephropathy. In the combined renal-pancreatic transplantation procedure, the transplanted exocrine pancreas is drained into the bladder. 2 The patient was treated with cyclosporin A as immunosuppressive therapy at a dose of 150 mg per day. Follow-up urinalysis revealed a number of unusual findings.
Quantitative analysis of the urine sediment, using a counting chamber and expressing results as particles per microlitre of native urine, revealed an extremely high number of epithelial cells (80 cells/ul.}, both squamous epithelial cells (72 cells/al.) and small round cells (8 cells/ul»), some oval fat bodies, a low leukocyte count Correspondence: loris Delanghe.
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(17 cells/ul.}, erythrocytes (43 celis/ilL) and bacteria (I 00 cells/el.}, As the secretion rate of the exocrine pancreas is largely determined by recent food intake', the chemical analysis of the patient's urine was performed after an overnight 12 h fast and repeated one hour after breakfast. Fasting total urinary protein concentration (pyrogallol red molybdate method) was 0·59 giL (reference range: < 0·2 g/L) which increased to 1·98 g/L I h after breakfast. Table I summarizes the results of the chemical analysis of the patient's pre-and postprandial urine. Amylase and lipase were determined using commercial reagents (Boehringer Mannheim, Mannheim, Germany). Trypsin was determined using N"-benzoyl-L-arginine-4-nitroanilide as a substrate according to Geiger and Fritz. 4 Urinary protein concentration and activities of pancreatic enzymes (amylase, lipase, trypsin) were markedly increased after the meal.
Agarose gel electrophoresis was performed on unconcentrated urine, using a sensitive staining The proteolytic effect of the pancreatic enzymes in the postprandial urine was further studied by addition of a fresh serum pool containing marker proteins albumin. transferrin and fl2-microglobulin (up to final concentrations of 477mg/L. 32'5mg/L and 0·20mg/L). The urine sample was incubated at 3TC for 6 h. The marker proteins were determined immunonephelometrically on a BN II nephelometer (Behringwerke, Marburg, Germany) before and after the incubation period. Protein measurements were standardized according to IFCe s After 6 h. the value of the immunochemically detectable albumin and transferrin dropped significantly (> 80% loss). whereas /3-2 microglobulin was undetectable. This instability is in contrast to the stability of urinary proteins observed in urine with the same pH from patients without pancreaticocystostomia."
DISCUSSION
Human exocrine pancreas secretions contain high activities of proteolytic enzymes. such as trypsin. chymotrypsin. carboxypeptidases and elastase.~as well as typical secretory proteins as the 17-20 kDa pancreatic stone protein." Following pancreaticocystostomia. the urinary proteins and the proteins of the urinary tract barrier are subject to proteolysis during the prolonged incubation at body temperature with exocrine pancreatic secretions. Following secretion into the bladder, trypsinogen is rapidly converted to active trypsin." The activated trypsin is active over a broad pH range with a maximum activity between pH 7 and pH 9. 9 The urinary protein pattern in the patient can be explained by the presence of proteins of pancreatic origin and the effect of activated proteolytic enzymes in urine. The proteolytic effect of activated pancreatic enzymes has been reported of being also responsible for false negative testing for {J-HCG and C-peptide in urine from patients with pancreaticocystostomia. 10, 11 Similarly, the finding of large numbers of superficial and deep layer urothelial cells in the urine sediment can be regarded as a consequence of the action of activated pancreatic enzymes.F The combination of proteolytic and glycosaminoglycan-degrading enzymes damages the glycosaminoglycans layer which is essential for the maintenance of the impermeability and preventing bacterial adherence to the urothelial surface.l '
Following renal transplantation urine protein measurement has been advocated to detect both graft rejection and renal damage due to the side effects of immunosuppressive drugs." However, following pancreaticocystostomia, urine protein results are hard to interpret since pancreatic juice proteins are a major contribution to the patient's proteinuria. Upon stimulation by cholecystokinin-pancreozymin and to a lesser extent by gastrin and secretin following meals, large variations in pancreatic secretion rate are an additional problem in interpreting urine protein results. As shown in the incubation experiments, urinary marker proteins such as albumin, transferrin and {J2-microglobulin are rapidly digested by the pancreatic enzymes and therefore cannot be measured quantitatively.
The impact on the urinary tract of prolonged exposure to activated pancreatic enzymes is unknown. Breakdown of normal bladder epithelium is a major contributing factor in the pathogenesis of urinary tract infections.P'!' The constant presence of activated proteolytic and glycosaminoglycanolytic pancreatic enzymes in the urine may weaken the mucosal barrier. The persistent digestion of the bladder wall could also playa role in the development of cystitis and possibly perforation. I] Bladder cancer is believed to be induced by a large number of carcinogens; chronic bladder irritation is considered as a risk factor. IS Also chronic immunosuppression is associated with a higher risk for developing cancer. Therefore, patients Ann Clin Biochem 1997: 34 with a duodenocystostomia should be monitored carefully for the development of bladder cancer.
After combined renal and pancreatic transplantation the evaluation of damage to the urinary tract remains difficult. For evaluation of urinary tract infections, microscopic investigations remain essential. For the evaluation of glomerular or tubular function, analysis of proteinuria and specific urinary proteins is unreliable. Therefore, we recommend functional evaluation of glomerular and tubular function by scintigraphic investigations using diethylenetriaminepentaacetic acid (DTPA), benzoyl mercaptoacetyltriglycerine (MAG]) or orthoiodohippurate (OIH). 16 
